Neurocognitive function is commonly compromised in cancer patients. While symptoms can be caused by the tumor itself and are commonly seen in patients with brain tumors, the etiology of neurocognitive deficits is much more complex in patients treated for tumors outside the nervous system. Impaired cognition can be present in cancer patients prior to treatment; however, treatment related adverse effects from c hemotherapy and radiation are well known to cause harmful effects on the brain and play a significant role in the development and progression of neurocognitive symptoms.
Neurocognitive function is commonly compromised in cancer patients. While symptoms can be caused by the tumor itself and are commonly seen in patients with brain tumors, the etiology of neurocognitive deficits is much more complex in patients treated for tumors outside the nervous system. Impaired cognition can be present in cancer patients prior to treatment; however, treatment related adverse effects from c hemotherapy and radiation are well known to cause harmful effects on the brain and play a significant role in the development and progression of neurocognitive symptoms. 1 In addition, various co-morbidities, mood and sleeping disorders, and medication effects can affect neurocognitive function (see Figure 1 ). It therefore can be difficult to delineate the exact contribution of each of these factors in clinical practice, posing a significant challenge to patient management.
As disruption in neurocognitive function can be a major cause of impaired quality of life, attention to these symptoms and consideration of possible therapeutic interventions directed to improve neurocognitive deficits have become increasingly important in clinical oncology and cancer survivorship.
Chemotherapy Effects on Neurocognitive Function
The most frequently described neurocognitive problems in patients treated with various chemotherapy regimens include memory and learning deficits, alterations of attention, concentration, processing speed and executive function. Table 1 ). 22 Potential mechanisms include chemotherapy associated direct cellular toxicity, alterations in cellular metabolism, oxidative stress, and induction of pro-inflammatory processes with subsequent disruption of normal cellular and neurological function.
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The current body of literature suggests that disruption of neural progenitor cells required for maintenance of brain plasticity throughout life and impairment of hippocampal neurogenesis are important etiologic factors underlying behavioral and cognitive abnormalities. 21, [30] [31] [32] [33] [34] [35] However, effects of chemotherapy on the nervous system have mostly been studied in non-tumor bearing rodent models, and have therefore not been able to address the concern that the tumor itself might influence neurocognitive function, as suggested by some clinical studies.
Nevertheless, chemotherapy-induced damage to neural progenitor cells has offered a compelling explanation for delayed and progressive neurotoxic effects of chemotherapy.
Clinical studies have shown that the risk of developing neurocognitive symptoms is also influenced by metabolic alterations, hormonal changes, the level of cognitive function prior to treatment and other medical co-morbidities, and genetic factors.
1,36-42 Figure 1 summarizes the most common neurocognitive deficits reported in cancer patients and illustrates various conditions and clinically relevant factors known to influence cognitive performance and that need to be considered in clinical management.
In light of the spectrum of neurocognitive symptoms encountered in cancer patients and the increasingly recognized cell-biological effects of chemotherapy on the brain, some authors have proposed the concept of accelerated aging of the nervous system as a consequence of chemotherapy. There are currently no standard therapies for patients who experience cognitive symptoms following chemotherapy. Therapeutic interventions may include strategies to either prevent side effects, or to minimize the severity of symptoms. For instance, neurostimulants, such as methylphenidate [48] [49] [50] and modafenil 51, 52 are promising agents for treatment of cancer therapy related cognitive dysfunction. In addition, donepezil -a reversible acetylcholinesterase inhibitor used to treat Alzheimer's type dementia -has shown to improve cognitive function, mood, and quality of life in patients with brain and small cell lung cancer. 53, 54 Optimal management of fatigue, mood disorders and other co-morbidities need to be integral part of patient management. Notably, treatment of a sleep disorder or depression may eliminate cognitive deficits if those disorders are the primary cause. Cognitive and behavioral intervention strategies may also be employed in patients with chemotherapy associated cognitive dysfunction. 55 These interventions often focus on compensatory strategies, stress management, energy conservation and psycho-education. External memory aids (e.g., memory notebooks, pagers) have been among the most widely used interventions.
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Other non-pharmacological interventions include meditation, 57 exercise, 58, 59 and regulation of sleep.
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Challenges and Outlook
Numerous preclinical and translational neuroimaging studies in cancer patients have started to shed light on the structural and functional impact of chemotherapy on the brain. However, translating these findings into clinical practice has remained challenging.
Improved study design (e.g., longitudinal and prospective, use of comparable testing batteries and incorporation of advanced neuroimaging protocols), and study of more homogenous patient populations with comparable treatment regimens in clinical trials will be important to obtain more conclusive evidence on the impact of chemotherapy on the brain. Importantly, not all patients experience neurotoxic adverse effects of chemotherapy, and significant heterogeneity exists in the degree of symptoms among affected cancer patients.
To delineate the exact mechanisms of how chemotherapy alters brain function and to identify associated risk factors will help to develop brain repair strategies that can be incorporated into clinical practice. ■
